Com base em nossa investigação, ambos os complexos, morin-Bi(III) e Morin, podem vincularse ao DNA, embora a natureza da ligação seja diferente para cada um deles. Na presença e ausência do DNA, o morin-Bi(III) mostrou características espectrais diferentes, o que está de acordo com as observadas para outros intercaladores. Neste trabalho, a interação do complexo morin-Bi(III) com o DNA de timo de vitela foi investigada com o uso do azul de metileno (MB), como uma sonda de corante espectral e aplicação de espectrofotometria UV-Vis, espectroscopia de fluorescência e voltametria cíclica. , enquanto que o morin liga-se por um modelo de não-intercalação.
Introduction
Interaction between DNA and drug molecules is of current general interest and importance, 1, 2 especially for the designing of new DNA-targeted drugs and the screening of these in vitro.
Flavonoids have recently attracted a great interest as potential therapeutic agents against a large variety of diseases, such as anti-viral, anti-allergic, anti platelet and anti-inflammatory, and possible protective effects against chronic disease.
3-5 Anti-tumor promoting activity has also been reported for flavonoids therefore, proving useful as chemopreventive agents in human carcinogenesis. [6] [7] [8] [9] These polyphenolic compounds, ubiquitous in plants, are also Vol. 20, No. 2, 2009 frequent components of major dietary constituents. In this context, it is generally considered that these flavonoids form coordination complexes with some essential trace metals, and it is believed that this is the active form of the compound, which is medicinally beneficial. 10 Morin (Figure 1 ) as a flavonoid and its complexes exhibit different antitumour activities which led us to consider the interaction of the two complexes and morin with calf thymus DNA. Because nucleic acid is usually the target of some antitumour reagents in the organism, these reagents react with DNA thereby changing the replication of DNA and inhibiting the growth of the tumor cell. There is, therefore, considerable interest in the design of small molecules which react at specific sites along the DNA strand as reactive models for protein-nucleic acid interactions, in developing new probes of DNA structures, as an aid to drug design and as tools in molecular biology. [11] [12] [13] [14] Barton et al. 14 have studied the interaction of enantiomers of Ru(phen) 3 3+ with various DNA; the results led them to the conclusion that there are two modes of interaction, intercalative and electrostatic binding. The ∆-isomer favors binding to the B-form DNA by intercalative fashion, while the Λ-isomer is not favored. They found that the intercalating ability appears to increase with the planarity of ligands.
Many techniques, such as UV-Vis spectrophotometry, 15 fluorescence spectroscopy, 16 circular 17 and linear dichroism spectroscopy, 18 mass spectrometry, 19 X-ray crystallography 20 and voltammetry 21 have been used to study the binding properties between metal complexes and DNA.
As a planar dye molecule, methylene blue (MB) ( Figure 2 ) has long been used for biological straining and diagnosis of disease including carcinoma. [22] [23] [24] It is a phenothiazinyl dye, which is a kind of photosentizer drug molecule showing promising applications in photodynamic therapy (PDT) for anticancer treatment. 25 The interaction of methylene blue with DNA has been studied with various methods. [26] [27] [28] [29] [30] Most studies indicated that (at low ionic strength buffer and low concentration of DNA) the major binding mode of MB with DNA was through intercalation. [28] [29] [30] [31] Moreover, MB has a low toxicity; data from material Safety Data Sheet of Vanderbilt Environmental Health & Safety (VEHS) show that MB is slightly hazardous in case of skin contact, eye contact, ingestion, and inhalation but there is no evidence which shows that MB is a carcinogenic compound. 32 We were interested in understanding the correlation between different antitumour activities of morin and its complexes with the DNA binding mode and its affinity. Recently, bismuth has been used in medicines for the treatment of helicobacter pylori-induced gastritis. However, a number of toxic effects in humans have been attributed to bismuth compounds such as, nephropathy, osteoarthropathy, hepatitis, and neuropathology. 33 As the use of bismuth in medicines is increasing, it has spread in the environment and the exposure of organisms to bismuth has increased. 34 In this report we explore the interaction of the morin plus its complex (Bi-complex) with calf thymus DNA, using spectrophotometric, fluorimetric and cyclic voltammetry methods. The aim of this study is to find a relation between the antitumour properties of the complex and the mode of DNA binding. The results of the study are that morin binds in a non-intercalating mode while the complex binds by intercalation. MB has been used as a probe for comparison of the complex and its interaction with DNA. The study in this report offers an opportunity to understand how the structure of molecules affects their binding mode and binding affinity to DNA. This will help us design new complexes which have biological and antitumour activity.
Experimental

Reagents
All the chemicals were of analytical grade and were purchased from Aldrich. Doubly distilled water was used throughout.
Stock solution (1.0 × 10 -3 mol L -1 ) of Bi(III) was prepared by dissolving 0.0485 g of Bi(III)-nitrate.5H 2 O in 0.1 mol L -1 HCl and diluted with water in a 100 mL volumetric flask. A 1.0 × 10 -3 mol L -1 MB solution was prepared daily by dissolving 0.0374 g methylene blue.3H 2 O in water and the solution was diluted to 100 mL with water in a 100 mL volumetric flask. The solution was kept in a refrigerator at 4 °C and in dark. More dilute solutions were prepared by serial dilution with water. 
Apparatus
Voltammetric measurements were carried out using a Metrohm instrument, Model 797 VA, computrace with stand three-electrodes containing a glassy carbon as a working electrode, a carbon rod as an auxiliary electrode and an Ag/AgCl (3.0 mol L -1 KCl) reference electrode. UV-Vis absorption spectra were measured on an Agilent UV-Vis spectrophotometer, JASCO, using of 1.0 cm quartz cells.
All spectrofluorometry assays were made on a spectrofluorometer, JASCO, equipped with a xenon lamp and a 1.0 cm quartz cell. Both excitation and emission slits were set at 5 nm, and the scan rate at 500 nm min -1 . A Pentium IV (2.0 MHz) computer controlled all of the settings and data processing.
The IR spectra within the range of 4000-500 cm -1 were made in KBr pellets on a FT-IR Paragon-1000 spectrophotometer (Perkin-Elmer). A pH-meter (Corning, Model 140) with a double junction glass electrode was used to check the pH of the solutions.
All experiments were carried out at room temperature 
Preparation of the glassy carbon electrode
The glassy carbon electrode surface was polished with 0.2 µm-alumina powder and then cleaned ultrasonically for 5 min in doubly distilled water. The electrode was then transferred into a blank buffer solution, and a continuous voltammetric scan with a scan rate of 50 mV s -1 was carried out.
Theory of MCR-ALS
Data obtained from the spectroscopic monitoring of the chemical system by changing pH can be gathered in a data matrix D (m×n) in which rows are the spectra recorded and columns are the different pH. In general, the goal of resolution methods 36 is the decomposition of the data matrix D according to equation (1):
where C is a m × k matrix, S is a n × k matrix, E is a m × n matrix, k is the number of factors directly related to the chemical species or conformations present in different pH, i.e., k corresponds to the spectroscopically active species or conformations. Therefore, columns of C describe the concentration profiles for the k different species in the pH range and the rows of S T matrix describe the pure spectra for each one of these k components. Finally, E is the matrix of residuals not explained by the multiplication of C and S T .
To have a meaningful solution from the curve resolution decomposition, it is necessary to make some assumptions about the signals obtained such as bilinearity, nonnegativity, unimodality, and closure. One of the most interesting techniques is evolving factor analysis (EFA). 37 Taking advantage of the evolutionary structure of the acquired data, evolving factor analysis provides an estimation of information (concentration profiles), concerning the windows of existence of every component in the mixtures existing at any pH during the process.
Multivariate curve resolution-alternating least squares (MCR-ALS) iteratively finds the matrices of concentration and spectral profiles, and can be used to obtain a better estimation of profiles. 38 In this method, the both C and S T matrices are optimized at each iterative cycle and have no priority over each other. The first step in application of MCR-ALS is determination of the number of compounds in D. The number of compounds in D can be determined using PCA or can be known beforehand. Then, knowing the number of components initial estimates are calculated, for example a rough estimation of concentration profile by EFA. Using the estimate of C, the S T matrices are calculated under appropriately chosen constraints by a least squares:
In the next step using the estimate of S T , calculate the C matrix under appropriately chosen constraints:
From the product of C and S T an estimate of the original data matrix, D is achieved. Then new concentration or spectral profiles estimated from previous estimation using least square. These alternative least squares (ALS) are repeated until the convergence criterion is achieved. When the relative difference in fit is below a threshold value, the optimization is finished.
Results and Discussion
Spectrophotometric studies
Interaction between morin and Bi(III)
The UV-vis absorption spectra of morin in the presence of Bi(III) (with increasing concentration) were examined in the acetate buffer solution (pH 3.2) containing 50 mmol L -1 KCl ( Figure 3 ). Morin has two maxima bands; at 252 nm (benzoyl of ring A) and the other at 350 nm (cinnamoyl of ring B). 39, 40 By adding gradually Bi(III) ions into the morin solution at pH 3.2 the absorption intensity of these two bands decreased gradually, and a new absorption peak appeared at 433 nm. Moreover, the two isobestic points at 251 and 380 nm indicated that morin could form a complex with Bi(III) and the binding is homogeneous. There are two possible groupings on morin that can interact with Bi(III): the 2'-hydroxyl of ring B with the 1-oxo of ring C and 3 or 5-hydroxyls with the 4-carbonyl of ring C (Figure 1 ). The absorption peak at 350 nm has a slightly red shift (ca. 3 nm) and a new absorption peak at 433 nm emerged suggesting that Bi(III) has bonded with the ring B. The stoichiometry of the complex was determined using mole ratio method (Figure 4) . The formation of a 2:1 ligand-metal complex extends the conjugated system, with the inclusion of the C rings, which leads to further molecular stabilization. 41 Thus, the bonding of Bi(III) with ring C of morin produced an electronic redistribution between morin and Bi(III) ions, which resulted in an extended 4 bond system. On this basis, the n-π * electronic transition of morin changed to a π-π * one, with a consequent decrease in energy as reflected by the appearance of a new peak at the longer wavelength (433 nm). This relationship is also in accord with previous literatures [42] [43] [44] . Infrared spectra have also been used to validate the proposed complex structure. Table 1 shows the position of the most important IR bands of morin and its complex with bismuth(III). The comparison of these two spectra with each other shows important spectral changes, notably in 1400-1700 cm -1 . The position of ν(C=O) is diagnostic for the involvement of 4C=O chromophore in coordination. The complexation should lengthen the C-O bond in the carbonyl group and lessen the force constant, which, in turn, may shift the IR band of the carbonyl group towards a smaller wavenumber. 45 On the complexation of morin with Bi(III) ion, a shift of ν(C=O) is observed from 1662 cm -1 for morin to 1653-1652 cm -1 (∆ν = 12 cm -1 ) for the complex. Hence, it may be assumed that the carbonyl group participates in binding the bismuth ion. Similar frequency values of this group are shown by the complexes of quercetin-5 ' -sulfonic acid with lanthanides, where the metal is bound via 3C-OH and 4C=O groups. 46, 47 In the spectra of the complex there also appear new bands due to the formation of the M-O bond. These are the bands of the frequencies 1550-1546, 811-805, 508-492 cm -1 . The 1550-1546 cm -1 band is related to the formation of the chelate ring > C=O---M-O-. 48 
Concentration profiles of morin and morin-Bi(III) complex via pH
To investigate the presence of different forms of the ligand and its complexes in a range of pH and to estimate the concentration profiles of these species along pH, absorption spectra of solutions of ligand and complex In order to find a relatively good estimation of concentration profiles and pure spectra we used MCR-ALS procedure. MCR-AlS starts with a rough estimation of concentration or spectral profiles and iteratively improves them. The better initial estimation for concentration profiles can be achieved by EFA. To have an estimation for spectral profiles we can use the spectra recorded at the lowest and the highest pH were we guess that the main component is one of the either forms of the ligand or complex. Figure 5 represents the initial estimation of concentration profiles by EFA for ligand ( Figure 5a ) and complex ( Figure 5b ).
By these initial estimations the MCR-ALS procedure were done by the nonnegativity, unimodality and closure as constraints applied on concentration profiles and nonnegativity on spectral profiles. For closure constraint the total concentrations of to forms of ligand or complex constrained to be equal initial analytical concentration of ligand and complex (100 µmol L -1 ). Figure 6 and Figure 7 illustrate the final results of MCR-ALS for ligand and complex, respectively. 
Interaction of morin-Bi(III) complex with ct-DNA
UV-Vis absorption spectra were obtained by titration of a 1.0 × 10 -4 mol L -1 morin-Bi(III) complex solution with double strand DNA (ds-DNA) solution. The results are shown in Figure 8 , shows a single absorption band of 433 nm for morin-Bi(III) complex in the absent of ct-DNA. Increasing the DNA concentration to the morin-Bi(III) complex cause decreasing the intensity of the absorption band. It is like the phenomenon yielded by the interaction between DNA and its typical intercalate. 49 Based on the variations of absorbance at the spectral band, the binding constant, K of the complex-DNA can be obtained according to the following equation.
------= ---------+ -----------------
Where "A 0 " and "A" are the absorbance of the complex in the absence and presence of DNA, respectively, and ε G and ε H-G are their absorption coefficients, respectively. The result of fitting the experimental data with equation (4) is shown in Figure 9 . It is suggested that the complex of morin with DNA is to be a kind of 1:1 complex. From a plot of A 0 /(A-A 0 ) vs. 1/[DNA], the ratio of the intercept to the slope gives the binding constant, K = 2.8 × 10 4 mol -1 L.
In order to clarify the portion of morin interacting with ct-DNA, the inclusion complex of MB-DNA was used for further study of the interaction site by spectroscopic method.
Interaction of MB with ct-DNA
Absorption spectra of the MB dye in the absence and presence of DNA (pH 3.2) showed a maximum at 662 nm ( Figure 10 ). This absorption gradually decreased with the increasing concentration of ct-DNA and red shift is usually associated with molecular intercalation into the base stack of the ct-DNA. 51 Those two observed spectral effects were attributed to a strong interaction between the electronic state of the intercalating chromophore and that of the DNA bases. The strength of this electronic interaction is expected to decrease as the third-order of the distance between the chromophore and the DNA bases. 52 The large observed hypochromism during the interaction of the MB dye with the DNA, strongly suggest that the distance between the intercalated MB dye and the DNA bases is small. Thus, this is consistent with the rationalization that on intercalation of the MB dye into the DNA, the π electrons of MB dye s bases, and the empty π * orbital of the MB dye couple with the π orbital of the bases. This facilitates a decrease in the energy of the π-π * electron transition, which is reflected in the observed red shift. At the same time the empty π * orbital is partially filled by electrons, reducing the π-π * transition probability, and this contributes to the hypochromic effect discussed above.
Competitive interaction of morin with MB-ctDNA
A competitive interaction between morin and the MB-ctDNA system was observed by the addition of morin to a solution of methylene blue and DNA. As it is clearly shown (Figure 7) , the intensity of the spectral band of MB-DNA at 662 nm gradually decreased with increasing morin concentration. Also a new peak at about 310-470 nm appeared which increased progressively in intensity. An isobestic point at 516 nm provides evidence that a new species was forming during the competitive interaction and that the reaction is homogebsorpneous. According to the observations, it seems that any exchange between morin with methylene blue bonded to DNA does not take place, because the molar absorption coefficient of free MB and MB-DNA are slightly different with each other. Therefore, a decrease in the absorbance intensity of MB may be due to the bonding of morin to DNA as a matrix effect. This phenomenon can be observed by comparing the maximum wavelengths of morin and morin-DNA (Figures 3 and 11) . In addition unchanging in position of the band of morin in the presence and in the absence of DNA, suggest that morin has an electrostatic mechanism with the double helix of the DNA.
Competitive interaction of morin-Bi(III) complex with MB-ctDNA
The band intensity of MB-DNA at 662 nm gradually decreased with increasing concentration of morin-Bi(III) complex. This band almost shifted towards the blue end of the spectrum with the appearance of a new peak at 415 nm, which increased progressively in intensity ( Figure 12 ). This new band was the sum of the changing absorptions of the MB dye and morin-Bi(III) complex. An isobestic point at 516 nm provides evidence that a new species was formed during the competitive interaction and thus the reaction is homogeneous.
The maximum wavelengths of morin-Bi(II) complex in the presence and absence of DNA is different, indicating an intercalation mechanism. Addition of different amounts of morin-Bi(III) to MB-DNA causes change in the intensity and position of the bands, suggesting that the morin-Bi(III) complex intercalated into the double helix of the DNA.
Electrochemical studies Electrochemical interaction of morin-Bi(III) complex with ctDNA
Typical CV (cyclic voltammetry) behavior of morinBi(III) complex in the absence and presence of DNA is shown in Figure 13 . Addition of DNA to morin-Bi(III) solution causes the peak currents of the CV waves (reduction of morin-Bi(III)) to diminish considerably. Additionally the peak potential E pc shifted to more negative values (from -0.52 to -0.76 V vs. Ag/AgCl reference electrode) indicating that the action of morin-Bi(III) with DNA may be intercalation. 53 The peak potential separations ∆E p =|E pc -E pa | are beyond 200 mV indicating an irreversible redox process.
Electrochemical interaction of MB with ctDNA
A cyclic voltammogram of the MB dye probe ( Figure 14 ) at a glassy carbon electrode exhibited cathodic and anodic peaks. The peak at approximately -0.42 V corresponds to the reduction of MB, and the one at -0.14 V corresponds to the oxidation of MB. As the concentration of ct-DNA was increased no new peak current were formed, but a decrease in peak currents for both reduction and oxidation occurred with the reduction peak changing more significantly than the oxidation one. This suggests that there is a difference between the binding properties of MB and its reduced form to DNA. A slightly positive potential shift was observed for the reduction peak of MB, which again suggests that the MB molecule has intercalated into the DNA.
Spectrofluorometry studies
Morin-Bi(III) and morin binding to DNA
The fluorescence signal of Morin-Bi(III) is ca. 498 nm when excited at 428 nm whereas the signal for morin alone is ca. 500 nm when excited at 348 nm. When the DNA solution was added to the morin-Bi(III) solution and to the morin alone solution, the fluorescence intensity for morinBi(III) complex increased, whereas that for the alone morin solution decreased (quenched fluorescence) when those exited at the conditions given. Figures 15 and 16 show the fluorescence spectra of morin-Bi(III) complex and morin, respectively in the presence and absence of calf thymus DNA. The stronger enhancement in fluorescence intensity of morin-Bi(III) complex may be largely due to the increase of the molecular planarity of the complex and the decrease of the collisional frequency of the solvent molecules with the complex which is caused by the planar aromatic group of the complex stacks between adjacent base pairs of the DNA. Increasing of the molecule's planarity and decreasing of the collisional frequency solvent molecules with the complexes usually lead to emission enhancement. The binding of morin-Bi(III) to DNA leading to a marked increase in fluorescence emission intensity also agrees with observations for other intercalators. 54, 55 . The emission quenching of morin in the presence of DNA may be caused by the fact that, morin being a small hydrophobic molecule and can be adsorbed by hydrophobic groups on the surface of DNA. 56 Since morin-Bi(III) and morin alone display different emission spectral characteristics in the presence of DNA, it is apparent that more than a single binding mode exists for the two compounds. This conclusion is further supported by studying the effect of MB on the emission spectra of the DNA-morin-Bi(III) complex and DNA-morin systems.
Effects of MB on the emission spectra of DNA-morin-Bi(III) and DNA-morin systems
In order to investigate the mode of morin-Bi(III) complex and morin binding to DNA, MB has been employed in examination of the reaction, as MB presumably binds initially to DNA by intercalation. The experiment was carried out in a 3 mL solution of 2. Figures 17 and 18 show the fluorescence spectra of DNA-morin-Bi(III) complex and DNA-morin system, respectively, in the absence and presence of MB. When the concentration of MB was increased the fluorescence intensity of the DNA-morin-Bi(III) system decreased. With the addition of morin-Bi(III) complex to a solution of MB-DNA, some MB molecules were released into solution after an exchange with the morin-Bi(III) complex, and this resulted in fluorescence quenching. A progressive reduction of up to 72% in fluorescence was observed (Curves 1-7, Figure 17 ) together with a blue peak shift of 2 nm. This supported the view that the complex intercalated into the DNA. 54 The fluorescence intensity of the DNA-morin system slightly changed as MB is added. Comparing these changes in the emission spectra of the DNA-morin-Bi(III) system with the DNA-morin system in the presence of MB, the difference is distinct. So, these two systems bind to DNA in different modes. The slightly emission quenching of morin in the presence of MB may be caused by the fact that, morin being a small hydrophobic molecule and can be adsorbed by hydrophobic group on the surface of DNA. 57 Since Bi(III)-morin-DNA and morin-DNA display different emission spectral characteristics in the presence of MB, it is apparent that more than a single binding mode for the two compounds exists.
Effects of morin-Bi(III) complex and morin on the emission spectra of DNA-MB system
Further support for the different modes of morin-Bi(III) and morin binding to DNA is given through the emission quenching experiment. Here MB was also employed as a probe. The experiment was carried out in a 3 mL solution of 2.7 × 10 -4 mol L -1 MB, 2.8 × 10 -4 mol L -1 DNA titrated with 1.6 × 10 -6 mol L -1 morin-Bi(III) complex solution and 1.6 × 10 -6 mol L -1 morin solution, respectively. Figures 19  and 20 show the emission spectra of the DNA-MB system in the presence of morin-Bi(III) complex and morin, respectively. The emission intensity of the DNA-MB system increased as the concentration of morin-Bi(III) complex increased and the emission was slightly changed as morin was added to the DNA-MB system. An increase in the fluorescence intensity of MB-DNA due to an increased concentration of morin-Bi(III) complex may be due to the intercalation. This phenomenon indicates that morin-Bi(III) complex could not replace with MB from DNA-MB system due to the higher binding constant than DNA-morin-Bi(III). However, morin-Bi(III) complex could be intercalated into the DNA strains and increase the rigidity of the MB-DNA molecule. Consequently, an increase in the fluorescence 
Conclusion
Based on our investigation, although both morin-Bi(III) complex and morin can bind to DNA, the nature of the binding was found to be different for each of them. In the presence and absence of the DNA, morin-Bi(III) complex shows different spectral characteristics which agree with those observed for other intercalators. This phenomenon suggests that the morin-Bi(III) complex binds to DNA mainly in the intercalating mode while the morin binds to DNA in a non-intercalating mode. University of Technology (IUT). The authors also thank Mr. Peyman Akhlaghi from Institute for Advanced Studies in Basic Sciences (IASBS) for his helpful guides.
